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INTRODUCTION
The "glacial relicts" is a designation for a group of aquatic animals, mainly crustaceans, whose distributions in the Nordic countries and North America are characteristically restricted to lakes in regions that immediately after the ice age were covered by water and are thus situated below the highest postglacial shoreline of a larger water body, either a marine one or a continental lake such as the early phases of the Baltic Sea (e.g. Ekman 1922 , Segerstråle 1957 . They typically inhabit cold and low-light environments, and are usually encountered in deep-water strata in larger lakes. The exact composition or delimitation of this biogeographical element is still a matter of discussion, but in Norway, species in five genera of crustaceans and one fish species have generally been considered (Table 1; Figure 1 ): the calanoid copepod Limnocalanus macrurus, mysid shrimps of the Mysis relicta species group, the three amphipods Monoporeia affinis (= Pontoporeia affinis), Pallaseopsis quadrispinosa (= Pallasea quadrispinosa) and Gammaracanthus lacustris, and the fish fourhorn sculpin Myoxocephalus quadricornis (Økland 1983 (Økland , cf. Segerstråle 1957 . Most of these taxa also inhabit the brackish waters of the Baltic Sea. Another Baltic crustacean, the large isopod Saduria entomon, is also found as a relict in a few lakes but has not been recorded in Norway; the nearest site is the Swedish Lake Vänern. There are additional similarly distributed species whose inclusion in the relict element has been discussed; of them the two copepods Eurytemora lacustris and Cyclops lacustris will also be considered here (see further in the Material and Methods section).
The concept of the taxa being relicts has a complex history (e.g. Ekman 1922 , Segerstråle 1957 , Holmquist 1966 . Initially it referred to a scenario where arctic marine species would have become isolated from the sea in emerging lakes post-glacially, and evolved into new forms, as glacial marine relicts. Later, the species have rather been thought to have immigrated from continental glacial lakes of the Late Pleistocene, and descended from marine ancestors much earlier (e.g. Segerstråle 1962 , Holmquist 1966 , whereby the attribute marine has been dropped. The long history of the species in fresh waters has also been supported by more recent molecular systematic studies and biogeographical surveys of the component taxa (e.g. Väinölä et al. 1994 , 2001 , Dooh et al. 2006 , Audzijonyte & Väinölä 2006 . Nevertheless, the designation "relict" has conventionally been used in most regions where these taxa occur (Finland, Sweden, Canada: see e.g. Ricker 1959 , Segerstråle 1982 , Kinsten 2012 , although Holmquist (1962 Holmquist ( , 1966 was quite critical of this denomination (also see Dadswell 1974) . In Norway, the concept "relikt" in a biogeographical context generally denotes small remnant populations of an earlier, broader and continuous geographical distribution. Since there is no evidence that these animals would initially have had more continuous distributions across Norwegian lakes (see Økland 1983: 15-16, Økland & Økland 1999: 66) , it does not seem justified to consider them as glacial relicts in the sense of that definition. Instead, the use of the term "glacial immigrants", suggested earlier e.g. by Dadswell (1974) , was proposed by Økland & Økland (1999) . That term, however, seems not less problematic (at any rate, a large share of other fauna also immigrated early during the deglaciation). Here we shall keep to using the terms "relict" and "glacial relict", not because of semantics, but as representing convenient and established labels for the distinct zoogeographical assemblage, used through the history of investigations (e.g. Ekman 1922 , Segerstråle 1962 , Väinölä & Rockas 1990 , Kinsten 2012 .
Several of the glacial relict genera display wide, nearly circumpolar distributions over the Northern Hemisphere, and the freshwater populations are primarily found in the southernmost parts of the regions covered by the last continental ice sheet, in the boreal zone (Ekman 1922 , 1940 , Sømme 1936 , Ricker 1959 , Dadswell 1974 , Carter et al. 1980 , Bousfield 1989 , Väinölä & Rockas 1990 . The European distribution of the assemblage comprises parts of the British Isles, Norway, Denmark, Germany, Sweden, Poland, Finland, Estonia, Latvia, Lithuania, Belarus and Northwest Russia. However, the core region is in Sweden, Finland, Karelia (Russia) and the Baltic Sea. In Norway the relicts are mainly restricted to large and deep lakes below the postglacial marine limit in the southeastern part of the country. When the relative water levels in the early Baltic (Østersjøen) were high about 10 000 years ago during the so-called Yoldia-stage and immediately thereafter, it drained into the Skagerrak across central Sweden and through the large lakes Vättern and Vänern. This connection essentially controlled the distribution of the taxa both in Central Sweden and south-eastern Norway (e.g. Kinsten 2012) . They mainly inhabit the deeper strata of the lakes, and most of them cannot move upstream, which have greatly limited their further geographical dispersal (Segerstråle 1962 , Dadswell 1974 , Väinölä & Rockas 1990 . There is, however, an interesting deviation to the main pattern in outpost populations at three sites in Jaeren, SW Norway, where two of the sites are situated above the marine limit (Mathisen 1953 , Spikkeland et al. 2012b ). Moreover, Mysis is known from a single northern lake on the Norwegian-Finnish border, which is clearly zoogeographically unrelated to the main "relict" range (e.g. Väinölä et al. 1994) .
The concepts of the systematic diversity in the relict genera have also changed with time, with consequences for the views about their history. In particular, European vs. North American relicts have been divided into separate species, or even into separate genera (Bousfield 1989 , Audzijonyte & Väinölä 2005 . But even within Europe the conventional Mysis relicta has been split into three closely related freshwater species, apart from an additional North American one (Väinölä et al. 1994 , Audzijonyte & Väinölä 2005 . This is important for the understanding of the history of Norwegian populations. In south-eastern Norway, the only identified Mysis taxon is Mysis relicta, whereas the southwestern population of and rather indicate they represent true post-glacial isolates of arctic marine taxa (Väinölä 1993 , Audzijonyte & Väinölä 2006 . Notably, similar systematic subdivisions among North European populations of other relict taxa (i.e. Myoxocephalus, Pallaseopsis, Monoporeia, Gammaracanthus) have not been found in molecular studies (Kontula & Väinölä 2003, R. Väinölä, unpubl. data) .
More lately the geographical ranges have also been shaped Lake Stokkalandsvatnet uniquely belongs to Mysis salemaai (Audzijonyte & Väinölä 2005) . Another circum-arctic sibling species Mysis segerstralei was identified in the northern Lake Polmakvatnet, partly in Finnmark (Väinölä et al. 1994 , Audzijonyte & Väinölä 2005 , but also from a brackish water-site in the same county (Kålås et al. 2010) . These latter observations remove the northern Mysis populations from the context of conventional freshwater boreal relict zoogeography, are stored in the G.O. Sars Collection at the Natural History Museum, University of Oslo. Additionally, several thousand scientific illustrations and further reference material (e.g. diaries, notebooks etc., altogether about 300 items) are stored in the National Library, Oslo. This material was utilised to gather information concerning distribution and the initial chronology of collection of the relict taxa (see Appendix) . The unpublished illustrations, diaries and notebooks contain rich sources of information.
Besides the traditional relict species assemblage, we also report records of the two copepod species Eurytemora lacustris and Cyclops lacustris. Based on broad distributional correlations in freshwaters of other regions, E. lacustris ( Figure  1B ) has indeed also previously been suggested as one of the relict taxa (Särkkä et al. 1990 , Kasprzak et al. 2005 , Maier et al. 2011 . Nevertheless, since it is occasionally found above the postglacial marine limit, it is not considered a true glacial relict species in Sweden (Kinsten 2012) . Due to the biogeographical association, we, however, include it in the Norwegian relict species count. C. lacustris in turn is zoogeographically a typical so-called Baltic species, with a distribution related to the Ancylus stage of the post-glacial Baltic Sea development (Ekman 1922) . As the species has earlier been reported from the upper water layers, it seemed that it is not a genuine glacial relict (Sars 1918 ). Yet in Lake Mjøsa the species preferred colder waters and was during the mid-summer stratification period distributed in colder water masses in hypolimnion (Huitfeldt-Kaas & Føyn 1946) , which is in accord with our own observations from lakes in the Halden River watershed. While the glacial relict concept is somewhat vague anyway, we also report on the new information on C. lacustris in this account, along with the similarly distributed E. lacustris (cf. Kasprzak et al. 2005 , Maier et al. 2011 . Further taxa that have been related to or mentioned together with the glacial relicts, but are not listed here, include the fish Osmerus eperlanus (smelt), present in all the large lakes in the Halden River watershed as well as in many other lakes with the relict crustaceans (cf. Ekman 1922 , Thienemann 1950 , Kinsten 2012 , and the calanoid copepod Heterocope borealis (Ekman 1922) .
RESULTS AND DISCUSSION

Progress in knowledge of glacial relict distribution
An updated list of the aquatic glacial relict taxa in Norway is presented in Table 1 ; the inclusion of the copepods Eurytemora lacustris and Cyclops lacustris, conventionally not part of the relict element, is explained above.
All Norwegian lakes where native populations of relict species are recorded are presented in Table 2 , together with some important geographic and morphometric characteristics. The lakes are grouped according to which catchment area they belong to, starting in the southeast and ending up in Jaeren, SW Norway.
by man. In Norway the two taxa Mysis relicta and Pallaseopsis quadrispinosa were introduced into some 10 hydropower reservoirs in the Trøndelag area (Central Norway) in the 1960s and 1970s, and have later spread to several lakes downstream. As a result of these introductions, Mysis is now known from 16 Norwegian lakes, and in some of these lakes Pallaseopsis is also present (Gösta Kjellberg pers. comm.). Mysis relicta was perhaps also introduced to Lake Rognestøylsvatn in Møre og Romsdal (see Naesje & Sandlund 2006) . The rationale of these introductions was to improve the feeding base of fish such as brown trout. It soon proved, however, that Mysis constituted an intense food competitor for pelagic fish: it consumed large amounts of zooplankton, which led to strong decrease in biomass of the Arctic char, which largely depends on the same food source (Langeland 1981 , Økland 1983 , Baste 1988 , Økland & Økland 1995 , Naesje & Sandlund 2006 , also cf. Ellis et al. 2011) .
The regional distributions of the "glacial relict" populations have been summarised and updated at intervals e.g. in Sweden (Ekman 1940 , Holmquist 1966 , Kinsten 2012 and Finland (Segerstråle 1956 , Väinölä & Rockas 1990 . The last comprehensive review form Norway was by Mathisen (1953) , after which the knowledge has increased significantly. For instance, the fourhorn sculpin Myoxocephalus quadricornis, a circumpolar marine fish taxon long also known from Swedish and Finnish lakes, was first recorded in Norway in 1978 in Lake Mjøsa (Sandlund 1979) . In 1979 it was found on the Swedish side of the boundary lake Store Le/Foxen and in 1998 also from the Norwegian part (Henrikson et al. 1980 , Andersen et al. 1998 . The focus of the current paper is in updating and commenting on the distributional data of the Norwegian glacial relicts from the published and unpublished sources, including results of our recent surveys.
MATERIAL AND METHODS
The knowledge of the Norwegian distribution of the glacial relicts, and the history of that knowledge, were summarised using data (i) from published records, (ii) from new field surveys and observations during the past few decades, and (iii) from the unpublished archives of G.O. Sars, primarily from the late 19th century.
New data came mainly from our own field surveys, where four methods have been utilised: (1) a small benthic beam trawl usually applied at the greatest depths (30 x 50 cm aperture, later on a trawl with 30 x 100 cm aperture, mesh size 1 mm); (2) a zooplankton net (mesh size 100 µm, d = 20 cm) towed vertically from the bottom (at greatest depth) to the surface; (3) the zooplankton net towed horizontally attached to the bottom trawl; (4) a Van Veen Grab Sampler for bottom sediment samples.
The posthumous archival material of the carcinologist G.O. Sars (1837 Sars ( -1927 was surveyed. Thousands of tubes and slides Table 1 . The aquatic "glacial relicts" and zoogeographically or systematically associated taxa of Norway, as dealt with in this paper. Status: Red List category (Oug et al. 2015) (Mathisen 1953) . His additions involved Mysis from three lakes, including Stokkalandsvatnet of Jaeren, and Monoporeia and Pallaseopsis from four lakes each. Following this intense sampling period, no systematic effort to broaden the information was taken for a long time, whereas individual crustacean finds in various lakes of the Hedmark, Østfold, Vestfold and Buskerud counties were made and sometimes published (Aass 1969 , Hardeng 1982 , Vøllestad 1983 , Spikkeland 1997 , Baekken et al. 1999 , Malmestrand 2002 , Walseng & Hesthagen 2012 , Schartau et al. 2013 ), but often remained undocumented (unpublished records of E. Snekvik, I. Spikkeland, H. Ørjasaeter, G. Hardeng, J.P. Nilssen, A. Linløkken; see details in the Appendix).
In 1996, the Canal Museum of the Halden River watershed (Haldensvassdragets Kanalmuseum, now a department of Østfold Museum Foundation), took renewed interest in the distribution of glacial relicts in the Halden River watershed, and produced many additional records (Spikkeland et al. 2012a ). The southwestern Jaeren region (Rogaland) was also re-investigated (Spikkeland et al. 2012b ), but since the colonisation of this region must have followed a different pattern, the findings are discussed separately in the final section of this article.
Updated distribution maps
In total, 42 lakes in Norway are so far known to have original populations of glacial relicts. The natural distribution of each species is presented in Figure 2 . The most common of these species are Limnocalanus macrurus, Mysis relicta and Pallaseopsis quadrispinosa, recorded in 22, 21 and 20 lakes respectively (Table 3 ). The amphipod Gammaracanthus lacustris and the copepod Eurytemora lacustris in turn are recorded from 9 and 8 lakes, respectively. The rarest taxa are Mysis salemaai and the fish Myoxocephalus quadricornis. Records of the copepod Cyclops lacustris in Table 2 are not The gradual progress in the knowledge of the crustacean distributions is detailed in the Appendix table, which gives the chronology of the first records and the first recorders of each taxon in each lake. These data are summarised in Tables 3 and  4 , which present the full list of localities of natural occurrence known to date and a less detailed account of the progress of exploration, separating the earliest and the most recent (unpublished) finds.
The glacial relict community was initially described from Sweden by Lovén (1862 Lovén ( , 1863 and the first to mention it from Norway was Georg Ossian Sars (1863a), one of the major Norwegian aquatic scientists throughout all times. In his early work on the taxonomy, systematics and distribution of Norwegian freshwater crustaceans (Sars 1867, see also the complete publication list in Christiansen 1993), he described them in detail. He also coined the scientific species names for three of them (see Table 1 ). Regarding the chronology (Appendix), it is noted that the first records sometimes were long before the first publication. For instance, regarding Lake Hurdalssjøen, Sømme (1936) wrote: "As far as I know, Mysis relicta has never been dealt with from this locality. From my friend cand. real. G. Rollefsen, who found the species in Hurdalssjøen in 1925, I know that Sars was aware of its occurrence in the Hurdalsjø". When the exact first record is not known, the first published record is indicated.
Before World War II there was great scientific and socioeconomic interest in these animals by fisheries scientists and authorities, since they were large-sized and potentially important as fish food. Several new geographical records were made (Sømme 1936) , and by 1940 they were known from 19 lakes and one river locality. In 1942-1943 the fisheries scientist O.A. Mathisen carried out a distributional survey on the commission from fisheries authorities. His summary of glacial relict distribution in the 1950s listed 24 lakes and 2 rivers River watershed. Also no evidence of range fragmentation or threats for species survival were observed. The only species that remain on the list are the two recently separated Mysis taxa, i.e. M. salemaai, now moved from the DD to the VU category, and M. segerstralei (NT). Both species are widespread on a broader geographical scale, but their Norwegian occurrences are unique and deserve some further comment. Mysis salemaai is abundant in the single lake Stokkalandsvatnet, but for Mysis this is a small lake (ca. 50 ha) and situated in a cultural landscape and therefore subject to some risk, e.g. through eutrophication and introduction of new fish species. The previous DD status was justified by the insufficient information on potential distribution elsewhere in Norway (Kålås et al. 2010) . Nevertheless, from the recent surveys of the Jaeren area and from distributional correlations and concepts of the history of the two Mysis species in the bordering regions of Sweden (Väinölä et al. 1994; Oug et al. 2015) it seems quite unlikely that M. salemaai would actually live elsewhere in Norway.
The evaluation of the northern Mysis segerstralei as NT was entirely based on a single record from a Finnmark estuary (Porsangen), with a notion that other estuarine populations might occur but the range is necessarily fragmented (Oug et al. 2015) . That dismissed the freshwater occurrence of the species in Lake Polmakvatnet. While strictly speaking M. segerstralei was so far only collected from the Finnish side of that trans-boundary lake, this should not divert the attention. The Polmakvatnet population is the single known freshwater occurrence of this species both in (continental) Norway, in Finland, and in the entire European Union, and therefore also of wider conservation interest, representing a unique biogeographical element in continental waters of the region (discussed in Väinölä 1993) . The lake, ca. 10 km long and 30 m deep, is situated ca. 15 m above the sea level. It was isolated from Tanafjorden of the Barents Sea post-glacially relatively late, ca. 5000 years ago. (Indeed, that history most closely corresponds with the original idea of "marine glacial relicts" presented in connection with the earliest freshwater finds, while the more southerly relicts, dealt with here, are now thought to have their ancestry in continental ice-marginal lakes.) Väinölä et al. (1994) and earlier Holmquist (1959) surveyed a set of similar lakes in Northern Norway, with no additional finds of included in the count of relict species in a given lake. The information on introduced populations outside the natural range has been summarised in Naesje & Sandlund (2006) .
The Halden River watershed and the Lake Store Le/Foxen in the county of Østfold constitute the core distribution of the relicts in Norway. Store Le/Foxen is the only lake that has altogether seven species, in addition to Cyclops lacustris, which is also present in the lake. The Halden River watershed has six species (the fourhorn sculpin Myoxocephalus quadricornis not recorded). All six are known from the three lakes Femsjøen, Øymarksjøen and Rødenessjøen, but other sites might turn up in more thorough surveys. Cyclops lacustris is known from nine lakes in this watershed (Table 2) . Lake Mjøsa, the largest lake in Norway, harbours five species, missing records of Eurytemora lacustris, Monoporeia affinis and Mysis salemaai. Cyclops lacustris is the dominant cyclopoid copepod in this lake. From the remaining localities, one to four of the taxa are known.
The crustaceans have also been recorded in some rivers, especially as regards Pallaseopsis quadrispinosa (Table 4) . This is evidently related to the occurrence of the species in upstream lakes. Our studies in the Ørjeelva River have confirmed that even other taxa enter the river during the cold seasons, and especially Mysis relicta may occur in large numbers after the late-autumn and winter mating period, when dead and dying animals are drifting down the river. The exact distribution in the rivers, however, is not known in detail, and in Figure 2 only occurrences in lakes are indicated.
Conservation status
In previous Norwegian Red List assessments (Kålås et al. 2006 (Kålås et al. , 2010 , most relict taxa were placed in the categories NT (near threatened) or DD (data deficient), and Eurytemora lacustris and Cyclops lacustris in EN (endangered) and VU (vulnerable), respectively. The central reason was the low number of occurrences; only Mysis relicta and Pallaseopsis quadrispinosa were considered safe. In the most recent 2015 edition, most species were downgraded to LC (least concern) and thus removed from the red list (Oug et al. 2015 ; see Table  1 ). This revision was principally based on the increase in the knowledge of the distribution since 2010, i.e. on the new records detailed in the present paper, especially those from the Halden (Hutchinson 1957) 2 Lake above the postglacial marine limit On the other hand, the total distribution of the relict taxa is still probably incompletely known, and more comprehensive studies, using several field methods simultaneously, might reveal more occurrences especially in SE Norway and even in the Jaeren area. In particular, we may expect more finds of Mysis relicta, which Kinsten (2012) has shown to be present even in very small-sized lakes in Sweden, as long as their deep parts remain rich in oxygen. In addition to recording the incidence of the species, more quantitative studies of abundance and of autecology such as life histories of the different species should be designed (cf. Mathisen 1953 , Kjellberg et al. 1991 .
Since the glacial relicts mainly inhabit deep and cold water, they are generally vulnerable to low oxygen conditions following eutrophication processes (e.g. Nilssen 2009 ). Climate change is also expected to cause increasing input of organic matter and decrease of oxygen levels in deep waters. Sometimes the relicts may endure considerable humic contents, and thus low oxygen conditions in the hypolimnion (Väinölä & Rockas 1990 ), but they appear extremely vulnerable towards acidification (Kinsten 2012) .
The goal now in Norway, at the distributional margins of the relict assemblage, should be to ensure favourable ecological conditions where the species occur, such that the local populations can survive and thrive, and even repopulate sites where they have become rare or extirpated. This especially concerns the very vulnerable, interesting and geographically isolated populations in the Jaeren region, more closely dealt with below.
Jaeren, SW Norway -an outpost in the Norwegian glacial relict distribution
The Jaeren area makes a special case, being separated from the core relict distribution in SE Norway by about 300 km, and requiring an another hypothesis for its immigration Mysis. However, the species is known from further east, from the White Sea and lakes on the Kola Peninsula, as well as Svalbard (Audzijonyte & Väinölä 2005 , 2006 .
Trends and prospects
Even if the species in south-eastern Norway would not seem to be threatened at a regional or national level, we have noted some negative trends on more local scales. At several localities, populations of relict crustaceans seem to have disappeared during recent years. Thus Limnocalanus macrurus has probably extirpated from Lake Vestvannet (Nilssen 2009 ), Monoporeia affinis from Lake Orrevatnet (Väinölä & Rockas 1990 , Spikkeland et al. 2012b ) and Lake Storsjøen (G. Kjellberg pers. obs.), and Pallaseopsis quadrispinosa from the Storsjø watershed in the Odal Region, Hedmark (Storsjøen, Seimsjøen, Grunnsjøen and Oppstadåa) and Lake Nordre Åklangen (G. Kjellberg pers. obs.). Also, sampling in Lake Floen in 2012 and 2015 (I. Spikkeland pers. obs.) and Lake Store Erte in 1994 , 1995 , 1996 (Walseng & Karlsen 1997 suggest that Limnocalanus macrurus has disappeared from these two lakes, probably due to acidification (this concerns especially the most acidified Lake Store Erte during the most acidic period). Also, the copepod Cyclops lacustris, which was registered by G.O. Sars in Lake Tyrifjorden, may have disappeared from this site (Langeland 1974) . Both Gammaracanthus lacustris and Monoporeia affinis, although recently being recorded from several new localities in the Halden River watershed, are usually detected in very low numbers. In spite of intensive sampling in October 2015, M. affinis was not redetected in Lake Hemnessjøen and G. lacustris not in Lake Øyeren. As for Lake Hemnessjøen and other polluted lakes in the Halden River watershed, it seems that lack of oxygen in hypolimnion in stagnation periods threatens the populations of especially these two relict species. region, were collected from Lake Stokkalandsvatnet (Spikkeland et al. 2012b ). The record was particularly unexpected in view of the hypotheses of the relicts' invasion to the Jaeren region. It has been assumed that they were spread with the Norwegian Current system following the brackish-water currents from the Baltic region at the end of the last glacial period (Mathisen 1953 , Segerstråle 1957 , Väinölä et al. 1994 . P. quadrispinosa has been regarded an almost purely freshwater taxon, unlike the relatively euryhaline Monoporeia affinis and Mysis salemaai, although it is recorded in the Baltic at ca. 0,5 % salinity. Dispersal along the Norwegian Current system may therefore history. Two species were previously known from this region, from three lakes. The last survey in 2012 found them surviving in two of the three: Mysis salemaai was redetected in Lake Stokkalandsvatnet and Monoporeia affinis in Lake Frøylandsvatnet, whereas M. affinis was not caught from Lake Orrevatnet in spite of intensive search (Spikkeland et al. 2012b , see also Väinölä and Rockas 1990) . In further search of the region, no relict species were found from Lake Bråsteinvatnet, due upstream from Lake Stokkalandsvatnet, and situated above the postglacial marine limit. However, three individuals of Pallaseopsis quadrispinosa, not previously known from the Sjaelland; e.g. Wesenberg-Lund et al. 1917 , Sand-Jensen 1995 , which could be relicts from an earlier continuous distribution in the Doggerland. Apart from Pallaseopsis, other species of the relict assemblage, i.e. Limnocalanus macrurus, Monoporeia affinis and Mysis salemaai, could also have spread via fresh and brackish waters on the Doggerland, considering their present distributions in the British Isles (Pennington 1959) , Denmark and the Jaeren region. An assessment of the mitochondrial DNA of one Stokkalandsvatn Pallaseopsis specimen, however, showed that it represents the same lineage that is also present in Lake Mjøsa and elsewhere in Fennoscandia, and unlikely to be of different refugial origin (R. Väinölä, unpubl. data) . On the other hand, assessing the relationships of the Stokkalandsvatn Mysis salemaai, using both mitochondrial and nuclear marker genes, pointed out the independent history of the population (e.g. in terms of genetic bottlenecks) but did not definitely resolve its relative affinities with either Swedish, Danish or British populations of the same species (Väinölä et al. 1994 , Audzijonyte & Väinölä 2006 . be a possible explanation. However, the glacial relicts are not recorded from the southernmost part of Norway, along the 300 km coastline between the main distribution area in the east and the Jaeren region. This indicate that their dispersal history in Jaeren area may be different. Moreover, the occurrence seems even more puzzling since Lake Stokkalandsvatnet is situated above the postglacial marine limit. A spread of these crustaceans by man is also very unlikely (Spikkeland et al. 2012b ). It should be noted, however, that the exact marine limit position in this region is still under debate (Nilssen et al. 2013) .
The occurrence of the glacial relicts in Jaeren has recently been related to the very special geomorphological development of the region during and after the last glacial period (Nilssen et al. 2013) . The Quaternary evolution of the Jaeren region and the adjacent waters that cover the former and now submerged Doggerland is now known in much greater detail than earlier. This large piece of dry land that for several thousand years stretched across the current North Sea, from Britain to the present coasts of the Netherlands, Germany and Denmark and in the northeast bordered at the Norwegian Trench, might have facilitated the dispersal of Pallaseopsis quadrispinosa to the Jaeren region (Nilssen et al. 2013) . Concerning a possible dispersal via Doggerland, it is noted that P. quadrispinosa is also known from several sites in Denmark (Jutland and
